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ABSTRACT

Los Alamos National Laboratory :s a participant in the Integral System Test (IST) program niti-
ated in June 1983 for the purpose of providing integral system test data on specific issues/phenomena
relevant to post-small-break loss-of-coolant accidents (SBLOCAs). loss of feedwater and other tran-
sients in Babcock & Wilcox (B&W) plant designs The Multi-Loop Integral System Test (MIST)
facility is the largest single component in the IST program. MIST is a 2x 4 (2 hot legs and steam
generators, 4 cold legs and reactor-coolant pumps) representation of lowered-loop reactor systems of
the B&W design. It 15 a full-height. full-pressure facility with 1/817 power and volume scaling. Two
other experimental facilities are included in the IST program test loops at the University of Maryland.
Cc' cge Park and at Stanford Research institute The objective of the IST tests is to generate high-
quality experimental data to be used for assessing thermal-hydraulic safety computer codes Efforts
are underway at Los Alamos to assess TRAC-PF1/MOD1 against data from each of the IST facilities.

Caiculations and data comparisons for TRAC-PF1/MOD1 assessment have been completed for
two transients run in the MIST facility These are the MIST nominal test. Test 3109AA. a scaled
10 cm? SBLOCA and Test 320201, a scaled 50 cm? SBLOCA Only MIST assessment results are
presented in this paper.

INTRODULTION

Los Alamos 1s currently providing analytical support to the Integral System Test (IST) program; the largest
part of our analytical efforts involve the usz of the TRAC-PF1/MODI1 code There are three applications where TRAC
te. or has been used as a complement to the Multi-Loop Integral System Test (MIST) experimental program The
first apphication is reiated to test apecification or design During fi.cal year 1986, Los Alamos performed five MIST
pretest analyses The  » experiments werc chosen on the basis of their potential either to approach the facility hmits
or to challenge the predictive capability of the TRAC-PF1/MOD1 code. Three small-break loss-of-coolant accident
{SBLOCA)} tests were examined that included nominal test conditions, throttied auxiliary feedwater (AFW) and
asymmetnc steam-generator (SG) cooidown, and reduced high-pressure-injection (HPI1) -apacity. respectively Also
analyzed were two “feed-and-bleed” cooling tests with reduced HP! and delayed HP( initiation Results of the tests
showed that the MIST facility imits would not be approached in the five tests considered The second apriication
is related to test evaluation it s impossibie to include all the desired instrumentation in a facihity Constraints of
cost complexity space etc . arc rapidly reached f one has sufficient confidence that TRAC will correctly predict
the dominant test phenomena calculations can be used to fitl in gaps about quantities that are not measured i the
faciity The third application is reiated 10 TRAC assessment The ability of a thermal-hydraulic code to accurately
calculate exper:mental behavior in sraled faciht.2s is an important hink in demonstrating that the code can be used
to predict how an operating pressurized water reactor would perform under accident conditions. Duning fiscal year
1987 1 os Alamos performed two MIST postiest analyses The two experiments wete chosen on the basis of then
patential to chalienze the predictive capabihity of the TRAC code These tests are identified and briefly discussed in
the following parayraphs

* This work was funded by the US Nuclear Regulatory Commission. Office of Nuclear Regulatory Research
LCavision of Acadent tvaluation



Test 3100AA MIST test 3109AA was the nominal test for the MIST program During the early test progt am
several 1epeats of the specified nominal test were run  The test selected for the nominal Test 3100AA differe
from the pietest specification for 310000 1n the initial pressunzer hquid level and efforts to warm the surge line and
maintain the pressunzer iquid at saturation until test imihation  The nonunal conditions include a scaled 10-cm”
cold-leg (CL) discharge leak full HPI and AFW. reactor-coolant pumps (RCPs) not avalable nc noncondensiblc
£as njection. automatic reactor vesscl vent valve (RVVV) actuation on diflerential pressure, automatic guard heatet
contiol constant steam generator (SG) secondary level contiol after SG refill and symmetric 3G cooldown

Test 320201 This test diflered from «he nominal in that the scaled leak size was increased from 10 m? 1o
50 cm® Other specified conditions and pro-~dures for the test were the same

Most experiments scheduled for the first year of opeiation of the MIST facility have been completed Test«
3109AA and 320201 are from test groups 31 and 32 for which formal test reports have been submitted to 1ST
program participants for review. Data tapes for the posttest 2nalyses of tests 3109AA and 320201 were obtained in
a preliminary form prior to the completion of final data qualification by Babcock & Wilcox (B&W).

CODE VERSIONS

We used updated versions of the TRAC-PF1/MOD1 code (Ref. 1). The TRAC-PF1/MOD1 code was developed
at Los Alamos National Laboratory to provide advanced best-estimate predictions of postulated accidents in light-
water reactors The code features a two-phase, two-fluid nonequilibrium hydrodynamics model with a noncondensible
gas held fliow-regime-depenr ant constitutive equation treatment: either one- or three-dimensional treatment of the
reactor vessel: complete control-systems modeling capability. a turbine component model. and a generalized steam-
generator component model

Code versions 12.7 and 14.3 were used for the analysis of tests 3109AA and 320201 respectively Code
modifications were necessary for this application. Initialization of the MIST facility in natural circulation rather than
pumped fiow caused modeling difhculties unique to this facility An accurate prediction of SG heat-transfer distribution
is necessary to correctly predict steady-state loop flows and hence initial system pressure and temperatures. Code
and model modifications were necessary to achieve this. These are expected to be applicas.e only to the MIST facility
and are used only with the model for it.

PLANT MODEL

Figure 1 1s a MIST facility arrangement drawing Figures 2 and 3 provide an overview of thc TRAC MIST
facility model The TRAC model of the MIST facility has evolved over a period of time. The model was nitially
based on preliminary information provided in the MIST Facility Specification It has progressed to its present form as
available as-built facility information was received from B&AW The model consists of 77 components that have been
subdivided into 251 flud cells Only one-dimensional components are used in this model. The model 1s considered
to be rather finely noded and is expected to predict the dominant phenomena during MI5T experiment:

CALCULATION RESULTS

During analysis of our calculations. we found .hat many of the predicied phenomena occurred in each of the
calculations Therefore, we have chosen to provide a detailed description of nominal MIST Test 3109AA and a less
detailed description for the: posttest prediction for Test 320201 Tke discussion in th.> case focuses on the important
phenomena that differ fiom those in the nominal case We note that fer each test calculation, at time zero, the
primary was hquid full and coolant was being driven by natural circulation

TEST 3109AA CALCULATION

The TRAC-PF1/MOD1 posttest calculation for Test 3109AA was performed for .ne first 7000 s of the ex-
periment. During this time period. all of the major phennmena took place and the automatic safety cystems ar.d
emergancy operating procedures were activated At the end of the 7000 s calculational peziod. the HPI flow exceeded
the leak flow and refilling of the primary system was well underway

Steady-State Caiculation

The TRAC-PF1/MOD1 steady-state calculation for Test 3109AA was petformed for 2000 s corresponding to
apptoximately five loop transients At the end of the stzady-state calculation the pnimary- and secondary system
fluid conditions had stabilized within the uncertainties of the measured values

Tranglent Calculstion

The observed and calculated thermal hydraulic phenomena and system interactions are discussed in detail i
this section The discussion s divided mto four transient phases these phases are dehned with reference to Fig 4
the primary and secondary pressure response Data is denoted by a dashed line and calculated values by a solul hne
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Fig. 2.
TRAC component noding schematic of MIST facility
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Test 3109AA primary and secondary pressures.

A "C" a3 the fust letter in the curve label denotes a calculated value. Phase one. subcooled decompression. covers
the period from the start of the transient to 185 s when tive intact-loop hot leg saturates and the depressurization
rate 1s reduced. Phase two, intermittent circulation. covers the period o1 continued depressurization. repressurization.
and termination of repressurization from 185 s to 1870 s when natural circulation s terminated in the loops Phase
three. 'oop stagnation, covers the period of gradual depressurization from 1875 s to approximately 4000 s when
primary-system refill begins Phase four, refill, extends from the beginning of refill at 4000 s to the end of the

calculation at 7000 s. A summary of the major events for Test 3109AA is presented in Table |.

TABLE !
EVENT TABLE FOR TEST 3108AA
Test Calcutation
Time [} Time {s) Event Description
00 00 Start transient—break imtiation
1500 1600 Pressurizer level drops to 0.3048 m (1.0 ft}. core power ramp. HP!I
RVVV automatic control initiated. RVVYV first opens. SG secondary
level reset
1850 1850 Intac-{oap hot leg saturates
2400 3'70 Intact-loop flow ends
15750 18400 Intermittent broken-lcop flow ends
4000 0 3430 0 Beginning of rehi

7000 G Calculation terminated



Phase One, Subcooled Decompression Phase one is the first part of the transient from leak initiation until
the saturation pressure was reachad in the hot legs at 185 s During phase one. the fluid in the primary system was
subcooled hquid and the primary-system pressure decreased rapidly as the hquid expanded due to the leak flow At
the end of phase one. the primary-system Jepressurization rate was reduced by flashing of the hiquid in the hot legs

At the beginning of the transient. the primary system was in steady-state single-phase natural circulation
The drving force for natural circulation was the density difference between the hot fluid in the hot legs and vessel
and coldet flu.d 1in the SG tubes. CLs. and downcomer. The test was initiated at time zero by opening a scaled
10-cm? feak in the B CL just downstream of the HPI port This caused an immediate reduction in the calculated
primary-system pressure (Fig. 4) and pressurizer level as a result of the flow of liquid through the leak The hiquid
initially in the pressurizer was near saturation temperature. .nd as this liquid was discharged into the intact-loop hot
leg. it mixed with the hot-leg fluid resulting in a higher fluid temperature in the intact-loop hot leg relative to the
broken-loop hot leg Since the density of the liquid in the intact-loop hot leg was thereby reduced. the intact-loop
naturai-circulation flow increased at the beginning of the transient as shown in Fig. 5.

The level in the pressurizer drained down to the 0.3048 m (1-ft) level at 150 s in the test and at 160 s in
the calculation At these times the following control actions were taken: core power decay was started. HP| flow
was started, the RVVVs weore transferred to automatic control. the AFW level control set point was changed from
152 m (5 ft) to 9 63 m (31.6 ft}). and the abnormal transient operator guidelines (ATOG)-based pressure-control logic
was initiated for the SG secondaries. This automated SG secondary pressure control was used to archive modelable
and reproducable boundary conditions while approximating plant ATOG control. The pressurizer low-level trip was
reached 10 s eariier in the test because of the higher measured leak flow at the beginning of the transient (Fig. 6)

The effect of the core power decay after the pressurizer low-level trip was to increase the measured and calculated
primary depressurization rates as shown in Fig. 4. The depressurization rate was high at this time because all of
the primary fluid was still subcooled and expanding because of the leak flow Also at the time of the low-level trip.
the RVVVs were switched from manually closed to automatic control based on differer:*ial pressure. Figures 7 and 8
show that the vent valves opened immediately. causing a brief reduction in both loop flows at 150 s in the calculation
and 160 s in the test. The reduction in the loop flows was then followed by a recovery in both loops (Figs 5 and 9)
with the sharpest recovery in the intact loop Tlus increase in the loop flows was a result of the increased AFW flow
(Figs. 10 and 11) in response to the AFW set-point change at 150 s in the calculation and 160 s in the test. The
loop fluws were increased by the AFW flow because the AFW raised the thermal center in the SG. the intact-loop
flow was increased more since the pressurizer was still discharging hot fiuid into the intact loop at this time.

Figure 5 shows that the increase in the intact-loop Hlow was abruptly terminated at approximately 185 s in
both the calculation and the experiment. At this time the primary-system pressure (Fig. 4) had decreased to the
saturation pressure of the intact-loop hot-leg fluid. Flashing of the hot-leg Huid then created a vapor bubble in the
intact-loop hot-leg U-bend {Fig. 12} and the natural-circulation flow in the intact loop was interrupted as shown in
Fig. 5. The intact-loop saturation marked the end of phase one at 185 s Subsequent depressurization of the primary
system was then inhibited by flashing of the fluid in the intact-loop hot leg. as shown in Fig. 4. which indicates a
reduction in the measured and calcuiated primary-system depressurization rates at 185 s

Differences between the calculation and the experiment during phase one resulted primarily from the higher
measured leak flow (Fig. 6) This caused a shghtly higher depressurization rate (Fig. 4) and an earlier occurrence of
the pressurizer low-level trip in the test

Phase Two, Intermittent Circulation. Phase two covers the period of intermittent circulation in the foops
after the first saturation of loop fluird occurs in the intact-loop hot leg. During phase two, the natural circulation
flow in each loop was governed by the liquid level in the hot leg in that loop. As the hot leg liquid level receded.
the U-bend was uncovered and the loop flow was quickly terminated. Also during phase two. the SG AFW and
steam flows responded to the control procedures started during phase one when the pressurizer level decreased to
0.3048 m (1 ft} At the beginning of phase two the AFW was on in both SGs as the levels were being raised to the
9.3v m (31 A ft) set point. and throughout phase two. the secondary pressures were controlled to a variable set point
based on ATOG The ATOG set point is determined fron: the core exit temperature and the saturation temperatures
corresponding to the SG secondary pressures as desctibed in Ref 2 Depending on these three temperatures, the
set point pressure may be (1} held constant (2} reduced by 5 746 - 10 4 MPa/s (50 psi/min). or (3] :educed such
that the corresponding saturation temperature 15 teduced by 55 56 K/h (100°F /h} The logic for determining which
of these pressure-control modes 1s to be used 1< explained in detail in Ref 2 Phase two extends to 1575 s in the
test and 1870 s in the calculation. when the flow in the broken loop 15 terminated by the uncovery of the broken-loop
hot-leg U bend

After the saturation of the intact-loop hot leg fluid at the end of phase one. the liquid level in the intact-loop
hot lcg decreased rapidly (Fig 12) as aresult of continued Hlashing  Figure 5 shows that as a result, the intact-loop



Mass Flow (kg/s)

Mass Flow (kg/s)

0.8 — — -

: © DATA
064 .

L

H s TRAC

4

o4 .

1.76370

| 123499

L 0.70548
! >
02 I : Y
: i &
; H
. ot s | 0.me%”
0.0 V| itk
g
A '  -0.357%
0.2 1 . s
-0.4 —— v — v s " -0.8818%
0 1000 2000 300C 4000 $000 soor
Tirne (s)
Fig. 5.
Test 3109AA total intact-loop CL flow
0.8 —r - - - — y 0.385809
]
0.150 - o LEAK
- . - 0.297824
0.125 4
+ C LEAK

-0.02%

s

3000 4000
Timae (s)

4000

Fig. 6.
Test 3109AA CL leak and HPI flows

8000



Mass Fow (kq/s)

Moss Flow (kg/%)

1{ o000, . poosessessessransessrvele oo n]
§
L i a2 b 2
08 s
.8 ¢ E
¥ "3
: -~ 4 J
0.6 1 E
“ ~~
(d
’ S
. = &
04 p
021 . 1
i 4
OﬁL: b -1—0
-02 > — s u T —
[ 1000 2000 3000 4000 5000 8000 7006
Time {s)
Fig. 7.
Test 3109AA MIST vent valve full closed indicator (test).
0.40 a - L T T T 0.8818%
0.35 4
com ]
o304 - 0.08139
» a TRAC T
0.25" B
0201 Ww ontonz
I
0.5 [ E
001 4+ 0.22048
o.osﬁ 1
o.ooﬁ 00900 090000090 000-0000-0090-92.00-9-004 0.0000C
~0.08 4 E
~-0.%0 —— i T -y - ~-0.22046
0 1000 2000 3000 4000 5000 6000 7000
Tieme (s)
Fig. 8.

Test 3109AA RVVYV flows



Mass Flow (kg/s)

Moss Flow (kg/s)

0.3 - y u — y 176370

o o DATA

1234599

| 0.70=-a
_—
(d
<
&
} omw
- -0.35274
-04 ™ ' — T r— ——f -~0.8818%
0 1000 2000 3000 4000 3000 8000 7000
Tirme (s)
Fig. 9.
Test 3109AA total broken-loop CL flow.
o — Y —ye — ' oy 0.308647
0.12 4 o DATA
|
. TRAC 0238099
o.ooﬁ [
0.08 - .
L b 0.967381
0.06 4 E
L 0.09700
o.0e ] 3
w% .
) . AT -4 I 0.026485
0.00- WWM&
-0.02 4+— . v - r - -0.044097
v 1000 2000 3000 4000 3000 8000 7000
fime (s)
Fig. 10.

Test 3109AA intact loop SG AFW flow



tiass Flow (kg/s)

Water Level (m)

0.2

0.0 4

0.08

0.06 1

v v v —pene r 0.264%85
© DATA p
b 0202823
s TRAC
4
L 0.141096
-4
Pl
P}
4
} 0.0m366
e
L o.omexy
— =t -0.0840%;

8000 7000
Time (s)
Fig. 11.
Test 3109AA broken-loop SG AFW flow

Fil

O

1000 2000 3000 400C 3000 0000 7000
Tine (3)

Fig. 12.
Test 3109AA hct-leg collapsed hgud levels



natural-circulation flow was terminated by 240 s in the test and 310 s ir the calculation and was not reestabhshed
Heat tiansfer in the intact-loop SG then ceased because of the loss of natural circulation in the intact loop in the
absence of heat transfer from the primary. the intact-loop 5G secondary pressure decreased from the ATOG set pomnt
0 both the test (at 240 s) and in the calculation {at 310 <) as shown in Fig 4 This decrease. caused by the AFW
flewy into the intact-loop SG (Fig. 10). continued until the level (Fig 13} reached the 963 m (31.6 ft) set point at
565 < in both the test and the calculation and the AF W flow decreased (Fig, 10) After the intact-loop SG seconoary
pressure fell below the ATOG set point. the steam fiow in the intact-loop secondary was texminated (Fig. 14} by the
pressure controlier

When the intact-loop SG secondary was refilled to the 9.63-m (31 6-ft) level in the experiment the AFW
controller was switched into a constant-leve!l ccntiol mode and a proportional-integral controller was used to maintan
the SG level at th- 9.63-m (31.6-ft) set point This control mode change affected the AFW flow after the intact loog
SG was refilled at 565 s Figure 10 shows that after 565 s. the AFW flow was brietly terminated and then restarted
from 800 to 1500 s while the SG level settied in on the 31.6 ft set point. When the AFW was restarted in the
intact-loop SG. vapor was present in the primary side of the tubes at the 1548 m (50.8 ft) AF'W elevation (Fig. 13}
and condensation heat transfer began immediately. This boiler condenser mode {BCM) heat transfer began in both
the test and the calculation at 565 s resulting in a more rapid primary depressurization (Fig. 41, The BCM was
terminated at 1000 s in both the test and the calculation when the intact-loop SG primary level (Fig. 13) increased
to the AFW elevation and condensation in the primary was terminated

Without steam flow. AFW fiow was not required to maintain the level in the intact-loop SG after the 31.¢ - set
point was achieved and Fig 10 shows that thie AFW flow was completely terminated in the intact loop 2fte: 1500 s
tn both the test ang the calculation. The intact-loop SG therefore remained inactive after 1500 s while its pressure
was below the ATOG set point.

The system interactions in the broken loop during phase two were similar to those just described in the intact
loop. However, the timing of events in the broken loop was delayed because the broken loop hot leg fluia was cooler
thar the fluid in the intact-loop hot leg at the beginning of phase two. Figure 12 shows that thve broken-loop hot leg
was maintained hquid full until 1000 s as the intact-foop hot-leg level receded as a result of local flashing. Beginning
at approx-mately 850 s. however, the intact-loop level fell at a slower rate as it approached the liquid level in the
primary side of the intact-loop SG (Fig. 12). With the siower draining in the intuct-loop hot leg. the broken-loop hot
leg level eventually began to recede at 1000 s as indicated in Fig. 12. The natural-circulation flow in the broken loop
(Fig. 9) then began to decrease rapidly at approximately 1000 s, in both the test and the calculation. in response to
the decrease in the broken-loop hot-leg level Tn‘s reduction of flow in the broken loop had two eflects. First, the
heat transfer in the broken-loop SG started to dec:ease, leading to an increase in the primary-system pressure and
corresponding decrease in broken-loop secondary pressure beginiing at 1000 s (Fig 4). Second. the core-vutlet flow
was diverted into the upper head and through the RVVVs as shown in Fig. 8. The repressurization of the primary
system retarded the flashing m both the intact and broken loops and. ar the same time. flashing increased in the
upper head due to the diverted core outlet flow As a consequence, both the measurec and calculated intact-loop
hot-leg levels started to increase at 1000 s while the vessel level decreased more tapidly. as shown in Figs 12 and 15

The final sequence of events in phase two started at 1000 s with the intact-loop hot-leg levels increasing and
the vessel levels decreasing as described above The increased rate of upper head voiditig in both the test and the
calculation at 1000 s was sufficient to terminate the reduction in the broken-loop natural-circulation fiow (Fig 9).
which then began to increase As flashing continued in the upper head. the vessel level receded, as shown in Fig 15
and at 1250 s in the test (1385 s in the calculation) the RVVV nozzies were uncovered. As a result. the RVVV fiow
began to decrease rapidly at this time and was completely terminated at 1150 s in the test and at 1480 s in the
valculation as shown in Figs 7 and 6 The broken-loop spillover flows (Fig. 9) were sharoly increased by the RVVYV
closures at these times in both the test and the calculation. Shortly afterward. however. the broken-loop U-bend
‘ncovered (Fig 12} as the primary system cuntinued to drain and the natural-circulation flow in the broken loop
started to decrease rapidly. as shown in Fig. 9 The broken-loop natural-circulation flow then continued to decrease
and was completely intennupted at 1575 s in the test and at 1870 s in the ralculation. During this final decrease in
broken-loop natural-circulation flow. Figs 7 and 8 show that the RVV Vs tLopened at 1575 5 in the test and at 1840
i the calculation when the downcomer diained to the RVVV elevation 'Fig 16) and emained open thereafter

Durning the period when the RVVVs were closed. Fig 9 shows a :trong natural-arculation flow in the broken
loop The effect of this fiow was to increase the heat transfer in the broken lvop SG and also to mix cold HPI Hund
with hotter tluid in the pnmary syster As a tesult. the primary system repress.arization which began at 1000 s wa-
terminated at 157% s in the test and 1875 « in the calculation

The termination of spiliover circulation in the kroken loop at 1575 « in the test and 1870 s in the calculation
marks the end of phase two Major events during phase two occurred slightly earhier in the test than in the calculation



Watrr Level (m)

Mass Flow (kg/s)

o s SECONDARY

2.s .
[ + € sEC - 40
* C PRIN-16
qv..:-s-a...ri-‘.‘_,fl Ll
o cPrim-3 [0 3
N
20
- 10
1
o — v v v v v~ 0
o 1000 2000 3000 4000 8000 0000 7000
Time (s)
Fig. 13.
Test 3109AA intact-loop SG collapsed hquid levels
0.038 y— —_ Y v — 0.07742
0.0% o DITA )
. . X
0.02% g 1
0.020 1
| 0.0 480
=
0.0E? - é
L[ - 0.0242%
oo | :
00084 |
L[ 0.0088%
0.000 ...ﬂ_m
- 0.003 v -0,0M023
o 1000 2000 00 4000 8000 9000
Time (s)
Fig. 14

Test J109AA intact loop SG secondary steam flow



Water Level (m)

Weter Leves (m)

2.3

o RY LEVEL

I 2v
s CRVLEVEL
+ Rvvy

x4
* H.L. NOZ.

23

-

} 23
-1 :"ﬁaf“ o
[ e
«‘.\_g-‘w ﬂnv .

k)
u‘* -I‘Q-ﬂ-I'l-‘t-!-I~Qﬂ-I~I-Q~I-N~b“-l-l-~-l-l---ﬂ£ h-'-l~l~~.~l-l"ﬂ

R N akad

- 21

] M M M - Y "

o 1000 2000 3000 4000 3000 8000 7000
Time (s)
Fig. 15.
Test 3109AA reactor vessel collapsed hquid level
7.8 " - v e v v
et socuvi %
4 CDCLIVEL

7.4 4

+ C.. NOL }"
724

6.0

6.6 a
1 ALy
R S e N TR N L S Y L T ™ TCF T Sy O VP S
6.4 1 1T
62 v - Y -
0 1000 2000 3000 4000 800) €000 7000
Time (s)
Fig. 16.

Test 3109AA downcomer collapsed higued level

W)

W



because of the higher leak flow in the test from test initiation to 1080 s At the end of phase two. 1n both the test and
the calculation, the primary system was depressurizing. the broken-loop SG secondary pressure was being controlled
to the decreasing ATOG set point, and AFW was controlling the SG level in the broken loop. The intact-loop SG
was inactive at the end of phase two since its pressure was below the ATOG set point.

Phase Three, Loop Stagnation Phase three is the period of stagnated natural-circulation flow in the loops
after the “nal spillover in the broken loop. During phase three the primary system was cooled by the leak /HPI feed
and bleed and by AFW in the broken loop SG. The primary-system pressure decreased during phase three as a result
of core power decay and the leak/HPI cooling Phase three ended at 4000 s in the test and 3400 s in the calculation
when AFW was restarted in the intact loop and the primary-system depressurization rate was increased.

During most of phase three, the primary was cooled by the leak /HP| feed and bleed and by AFW in the broken
loop (Fig. 11). Most of the cooling was done by the feed and bleed. at 3000 s, for example. Fig. 6 shows that in
the test. the HPI flow was approximately 0.074 kg/s (0.1628 Ib/s) and the leak upstream temperature (Fig. 17) was
5249 K. The energy required to heat this HP| flow to the temperature at the leaksite, 72 kW, was greater than the
59 kW core power at this time. In the calculation at 3000 s. the HPI flow was slightly lower (0.0716 kg/s). 71 kW
was needed to heat this flow to the leak upstream temperature in the calculation, and the core power wa~ also 59 kW
at 3000 s. The prir ‘ry-system pressure decreased during phase three as a result of the decreasing core power and
excess energy removal of the leak /HPI cooling

At the beginning of phase three, a circulation flow developed in the broken-loop CLs in both the test and the
calculation. The TL circulation flow began immediately after the brioken-loop U-bend spiliover flow was terminated
at the end of phase two At this time. fluid from the downcomcr was drawn toward the leak site and the flow in
the Bl CL reversed The CL circulation fiow was then maintained by the density difference between the B1 and B?
CLs resulting from the flow of warmer fiuid from the downcomer into the B1 CL. The circulation flow was important
because it affected the leak upstream temperature (Fig. 17) in both the test and the calculation.

Figure 17 shows that the broken 'oop CL circuiation flow caused a reduction of approximately 30 K in the ftuid
subcooling upstream of the leak in the test as well as in the caiculation. The corresponding reduction in the ieak
flow (Fig. 6) at 1930 s in the calculation, however, was larger than the reduction observed in the test at 1660's This
difference apparently indicates that the TRAC-PF1/MOD1 critical flow model did ~ot properly account for the change
in leak upstream subcooling in the calculation. After the initial decrease in leax flow at the beginning of phase three.
Figs.  and 17 show that the calculated leak flow gradually recovered toward the measured value as the subcooling
increased in the caiculation

The lower calculated leak flow during phase three resulted in a lower depressurization rate in the calculation
(Fig. 4) and slower loop draining (Fig 12). Figure 12 shows that aft.; the broken loop interrupted in the test. the
broken-loop hot-leg level remained above the intact-locp level. and both loups drained at approximately the same
rate. The difference in hot-leg levels resulted from a temperature difference between the intact and broken loop the
hot leg piping After the low in each U-bend voided and the loop How interrupted. the U-bend piping temperature
was maintained by the guard heaters at approximately the saturation temperature at the time of the interruption
Since the intact loop interrupted earlier whan the saturation temperature was higher. the intact-loop U-bend piping
temperature stayed higher after both loops had interrup*~d The higher piping temparature created a higher vapor
pressure in the intact-loop U-bend relative to the broken-loop U-bend. and because of this pressure diflerence. *iie
intact-loop hot-leg level remained below the broken-loop hot-leg level during phase three

The same draining behavior, with the higher level in the broken-loop hot leg. occurred in the calculation during
phase three However, after 2600 s in the calculation, the draining in the broken loop was halted and the leak was then
fed by accelerated draining of the intact loop (Fig. 12). This transition at 2600 s in the calculation is currently under
further study, 1t appears that a change occurred in the calculation at this time which affected the heat transfer from
the piping to the vapor in one of the U-bends The difference in the observed and calculated hot-leg draining rates
after 2600 s however, did not cause other calculated parameters to diverge from the measured values Figures 4, 6
and 17 show no change in the calculated leak upstream temperature, leak How. or primary-system pressure at 2600 s

During phase three the primary and secondary conditions were such that the ATOG set-point pressure was
approximately equal to the saturation pressure corresponding to a temperature 27.78 k (50" F) below the core-cxit
temperature  This 1s evidenced in Fig 4. which shows that duning phase three. the caiculated ATOG pressure
decreased at the same rate as the primary pressure  The diflerence 1n the corresponding saturation temperatures
during this decrease was approxmately 27 78 K (50 F). Fig 4 shows that the aiflerence between the primary and
ATOG pressures was neatly constant during phase three in the test and in the calrulation

The SG secondary pressute control 1s important because it affects the AFW flow in each SG The AFW flow
depends on the pressure control because AFW 1s used to control the secondary levels if the secondary pressure 1s
being reduced then AFW will be tequited to maintain the secondary level Duning phase three the broken loop AFW
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waz on (Fig 11) in both the test and the calcuiation because the broken loop SG sccondary pressure was controlied
to the decreasing ATOG set point (Fig. 4] The intact-loop AFW was ofl (Fig 10). however, since the intact-loop SG
secondary pressure was below the ATOG set point (Fig 4). and therefore the intact-loop steam flow was controlled
to zero (Fig 14)

Figure 4 shows that in the test the intact-loop SG pressure remained constant during phase three when the
AFW and steam flows were off The calculated intact-ioop SG pressure. however, increased shightly during phase
three This ma+ have occurred because the steam-line heat losses modeled (1.5 kW per steam line) were too low
The test may have also had other losses. such as leakage of steam through the control valve. that contributed to the
stability of the secondary pressures that were not modeled. The increase in the intact-loop SG pressure during phase
three caused the decreasing ATOG set-point pressure to be reached at 34C0 s in the calcuiation (4000 s in the test)
as shown in Fig 4 At these respective imes. AFW was restarted in the intact loop leading to BCM which marked
the end of phase three in both the test and the calculation

Phase Four, Refill Phase four covers the petiod from the beginning of the BCM in the intact loop until
the end of the cz' ulation at 7000 s During phase four, the primary-system pressure was reduced by AFW boiler
condenser mode heat transfer in the intact-loop SG causing the HPI flow to exceea the leak flow The calculation
was terminated at 7000 s. since at this time it was eviden: that the potnt of mimimum primary system inventory had
been reached

At the end of phase three. the ATOG set-point pressure decreased to the intact-loop $G secondary pressurc
(Fig 4) causing the steam and AFW flows to be restarted in the intact-loop at 4000 s in the test and at 3400 «
'n the calculation This caused extensive condensation heat transfet 1in ihe primary side ri the intact-loop SG tubes
since the level in the tubes was well below the 15 48 m (50 8 1t} AFW-injection elevation (Fig 13) at this time As
a result th: primary to secondars heat transfer in the intact loop SG was increased at these times and the primary
system began to depressunize rapidly in the test and the calculation (Fiy 4)

When the AFW was restarted in the intact loop the pressure of the vapor mside the SG tubes was reduced by
condensation The hiquid level in the intact loop SG and hot leg then rose 1apidly while the level< in the broken loop
fell  This occurred in both the test and in the calculation as shownan Fig 127 However the level in the bicken loop



SG (Fig 1B) fell below the 1548 m (50 8-ft) AFW elevation in the test but not in the calculation. Therefore the
intact-loon BCM in the test was immediately followed by a BCM in the broken loop and the overall reduction in the
ptimary pressure (Fig 4) was greater in the test than in the calculation

The effect of the pnimary-system depressurization at 4000 s in the test and 3400 s in the calcu’ation was to
increase the HPI flow above the leak flow as shown in Fig 6 Tihus event marks the beginning of the refill period
After the start of refill. the levels in the intact and broken loops started to increase as shown in Figs 13 and 18. The
refill rate {excess of HPI flow over leak flow) was higher in the test because of the larger BCM depressurization in the
test (Fig 4) The higher refill rate in the test resulted in correspondingly higher primary-system level increases after
refill began in the test as shown in Figs 6 and 4 The primary system continued to depressurize rapidly in the test
(Fig 4) until the SG primaries were filled above the upper tube sheets (Figs. 13 and 18) and the condensation heat
transfer was terminated at approximate.y 5200 s. This event still had not been reached by the end of the calculation
at 7000 s because of the lower refil} rate in the calculation

The differences between the test and the calculation discussed above involved three separate phenomena 1 irst,
the critical flow model in TRAC apparently did not properly account for the changes in the leak upstream temperature.
Conseguently. the calculated leak flow and pririary deprecsurization rates were too low during phase three Second.
the TRAC input model did not include enough heat or steam losses for the secondary side. This aliowed the intact-
loop &G to pressurize slightly during phase three in the calculation and thereby reach the ATOG set point too soon.
Phase thiee was therefore terminated 600 s early in the calculation. Third. the magnitude of the BCM heat transfer
was apparently too low at the beginning of phase four in the calculation. Even though the condensation surface area
and AFW flow during this BCM in the calculation matched the data. the primary-system depressurization during the
BCM was too low in the calculation. This then caused a lower refill rate during phase four in the calculation,

The overall comparison of the TRAC-PF1/MOD1 calculation for Test 3019AA with measured data from the test
was reasonable; this means that the majo: trends were predicted correctly in the calculation, although TRAC values
were frequently outside the range of data uncertainty because of minor code/model deficiencies. With reascnable
agreement, correct conclusions will still be reached when the code is used in similar applications.

TEST 320201 CALCULATION

The TRAC-PF1/MOD1 posttest calculation for Test 320201 was perform=d for the first 2800 s of the expen-
ment. During this period, all of the major events occurred and the automatic safety systems and emergency operating
procedures were activated At the end of the 2800 s calculational period. the HPI and accumulator flows exceeded
the leak flow and refilling of the primary system was well underway

Steady- State Calculation

The TRAC-PF1/MOD1 steady-state calculation for Test 320201 was also performed for 2000 s (approximately
5 loop transits}. At the end of the steady-state calculation, the primary and secondary system. fluid conditions had
stabilized within the uncertainties of the measured values

Transient Calculation
The comparison of the observed and calculated thermal hydraulic phenomena and system interactions 1s dis
cussed tn this section Test 320201 was exactly like Test 3109AA except that a (scaled) 50-cm? leak onfice was

used instead of a 10-cm? orifice. The purpose of the test was to investigate the effects of increased leak size on
the SBLOCA behavior Many of the same phenomena occurred during Test 320201 as occurred in Test 3109AA,
however. the magnitude of the phenomena and the timing of major events were aitered by the larger leak size In the
following discussion. the phenomena are explained in less detail than for Test 3109AA and the emphasis ts placed on
the analysis of the differences between the calculation and the test The analysis is somewhat limited, however, by
the fact that measured mass flow rates in the loops and downcomer are not available for this test The discussion
of this SBLOCA transient 1s again divided into four phases. these phases are dehned with reference to Fig 19. the
primary and secondary pressure response Phase one. subcooled decompression. covers the period from the start of
the transient to approximately 20 s when the loop hot-leg fluid saturated and the depressurization rate was reduced
Phase two. spillover circulation, covers the period of continued depressurization and brief pressuse stabilization from
20 s to 100 s when natural circulation was terminated in the loops Phase thiee, loop stagnation. covers the period
of depressunization from 100 s to approximately 1760 « in the test {1650 s 1n the calculation) when primaty system
tefill began  Hasc four. refill. then extends to the end of the calculation at 2800 v A summary of the major events
for Test 3109AA 15 presented in Table |l

Phase One, Subcooled Decompresnion Phase one s the first part of the transient from ieak imitiation until
the saturation pressure was reached in the hot legs at 20 & Duning phase one the Hund in the pnimary system was
subcooled iquid. and the pnmaty syster pressure decreased tapidly as the iquid expanded as a result of the leak
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TABLE I
EVENT TABLE FOR TEST 20201
Test Calcnlation
Time {s) Time (s) Event Description
0o 00 Start transient break initiation
200 200 Hot legs saturate
400 380 Pressurizer level drops to 0 3048 m (1.0 ft). core power ramp. HPi RVVYV
automatic control Inthated, RVVV fust opens. SG secondary
level teset
1000 1000 Loop fiows terminate
1760 0 1650 0 Beginning of refill
28000 Calculation terminated

Hiow At the end of phase one the primary-system deprescurization rate was reduced by flashing of the ltquid in the
hot legs

At the beginning of the transient the prrmary system was in steady state single phase natural arculation
and the te-! was inthiated at time zero by opening a scaled 50 cm® leak i the B1 CL just downstream of the Hi*i
ingection port This caused a sharp reduction in the primary-system pressure (Fig 19) and a rapid increase in the
leak flow (Fig 20} Toae leak flow i the experiment exceeded the capacity of the leak ow meter for the fust 170 «
(Ref 3) Fig 20 indwcates a constant measured vaiue of 043 kg/« during this period  Figure 21 however. shows
good agreement bet veen the measured and calculated primary system massinventoties during phase one
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Phase one was terminated at approximately 20 s in bati: the test and in the cal<ulation when the saturation
pressure was reached .n the hot legs Figure 19 shows that the primary-system depressurization rate was reduced at
this time as a result of flashing in the hot legs Because of the increased leak size in Tes: 320201. phase one ended
before the 0.3043 m (1 ft) pressurizer low-level trip had occurred in either the test or the calculation

Phase Two, Spillover Circulation Phase two covers the brief period of spitiover circulation in the loops after
the first saturation of loop fluid occurred in the hot legs. Durin; phase two, the natural-circulation How I1n each
loop quickly coasted down as the hot-leg levels receded from the !-bends Also during phase two. the pressurizet
level decreased ‘o 0 3048 m (1 ft) and the :ontrol procedures for the core power. SG level and pressure control. and
RVVVs were reset as described previously hase two extends tc 100 s, wher the flow in each loop was completely
terminated by the uncovery of the hot-leg U-bends

Afier the satuiation of the intact-loop hot-leg Huid at the end of phase one, the liquid leval in the intact-loop
hot legs decreased (Fig 22) because of continued flashing and the loop Hows began to subside. in the calculation,
the U-bend flows (Fig 23) were approximately the same during phase two and both decreased to zero at 100 s
This same behavior apparently took place in the test. althoug!i t'ic measured Hows are nc* available The AFW was
started at 40 s in the test {38 s in the calculation) on pressurize; low-level tnp Figure 19 shows that after 40 s in
the test. the SG pressurec both fell at the same rate due to the AFW flow The symmetric secondary response to
the AFW fiow in the test during phase two indicates that the lovp Hiows were also symmetric in the test Therefore,
it ts concluded that the spiliover flows in the test were in good &greement with the calculated spillover How«

When the loop flows were interrupted at the end of phase threc at 100 s SG heat transfer was lost and Fig 19
shows that the primary-system pressure briefly stabihzed in both the test and the calculation. The agreement between
the measured and calculated primary pressures dunng phase tweois turther evidence that the spiliover loop flows wete
calculated correctly

Phase Three, Loop Stagnation Phasc three 1s the period of stagnated natural-circulation How in the loope
after the final spillover in the U bends  Duning phase three. the primary was depressunized by BCM heat transfer
which began in both loops durnng the SG refill Also duning phase threc. heat transfer in the broken loop $G affected
the draiming rate of hawd through the primary side of the broken leop SG - Thie draming thien inHuenced the feak site
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which began in both loops during the SG refill. Also during phase three. heat transfer in the broken-loop SG affected
the draining rate of liquid through the primary side of the broken loop SG. This draining then influenced the leak site
fluid conditions and the leak flow rate Phase thiee ended at 1760 s in the test and 1650 s in the calculation when
AFW was restarted in the intact loop and the primary-system depiessurization rate was increased

At the beginning of phase thiree. the SG refill which was started on the low-level pressurizer trip in phase two
was still in progress Figures 24 and 25 show that in both the test and the calculation the SG primary levels fell
below the 15 48 m {50.8 ft}) AFW elevation before the secondaries were refilled This occurred at approximately 170 s
tn the intact loop and 190 s in the broken loop. At these times condensation (BCM) began in the SG primaries The
BCM heat transfer was retatively laige because of the high AFW flows during the SG refill. Fig. 16 shows that the
primary system depressurized rapidly in both the test and the calculation

The magnitude of the ECM heat transfer in the caiculation was apparently too low in the intact loop. Figure 19
shows that after BCM started in the intact loop at 170 s, the calculated secondary pressuren the intact loop continued
to decrease whereas the measured value briefly increased Figure 19 aiso shows that the pnimarv depressurization
rate at this time was 100 low in the calculation, further evidence of insufhcient primary-to-secondary heat transfer.
A1 the same time. Fig. 24 shows that the calculated primary-side level was below the measured level in the intact-
loop SG indicating thai the condensing surface area at the inner tube surfaces was greater in the calculation. This
indicat s that the 3CM heat transfer in the intact loop was underpredicted because the effects of the BCM were less
pronounced in the calculation while the condensation surface area available was greater in the calculation.

The BCM during phase three was briefly interrunted at the end of SG refill when the AFW in each loop was
terminated to transfer the AFW controllers to the constant-level-control mode as described previously. The duration
of the AFW termination and the subsequent measured AFW flow until the constant SG levels were achieved in the
tes! were used as boundary conditions in the calculation. Figure 19 shows that when the AFW flow :vas off from
490 1o 575 s. the depressurization rate was reduced in both the test and the calculation. When the AFW flow was
restarted and the BCM resumed at 575 s. the subsequent depressurization (Fig 19) was more rapid in the calculation
because the SG primary levels (Figs. 24 and 25) were lower in the calculation at this time These levels were lower
in the calculation because the calculated leak flow (Fig. 20) was generaily higher than in the test before 575 s and
the primary system inventory (Fig 21} was iower in the calculation

The AFW termination from 490 s to 575 s affected other system parameters both in the test and in the
calculation Figure 25 shows that when the AFW was off, the liquid receded faster in the broken-loop SG primary
because the vapor above was not being cooled by the AFW. The increased liquid flow from the broken-lonp SG
primary the. fed the lcak with colder fiuid causing an increase in the measured and calculated leak flows {Fig. 20)
during this penod.

The draining of liquid from the SG primaries was also affected by the primary-to-secondary heat transfer after
AFW flow was terminated at approximately 1200 s when the 3.63 m (31.6 ft) level set point was achieved (Figs 24
and 25). The draining behavior after this time differed between the test and the calculation because of differences
between the measured and calculated SG secondary pressures. In the tes(. the intact-loop SG pressure increased at
170 s during the BCM as described above. and afterward. the intact-loop SG pressure was higher than the broken-ioop
SG pressure Consequently the saturation temperature difference between the primary ard SG secondary was higher
in the broken loop. and there was more heat transfer from the primary to the broken loop SG during phase three
in the test Since the fluid in the intact-loop SG primary had less heat loss to the secondary. flashing and draining
occurred faster in the intact-loop SG primary in the test. and Fig. 24 shows that the intact-loop SG primary drained
faster after 1200 s

in the calculation. the SG secondary pressures (Fig 19) increased gradually during phase three as a result
of the insufficient heat or steam los~es in the model secondary discussed earlier. The intact-loop SG secondary
pressure increased slightly faster than the broken loop because of small differences in the primary levels and primary-
to-secondary heat transfer After 1200 s in the calculation. both SG primary levels fell rapidly with the intact-ioop
SG level falling slightly The SG primary-level decrease was more uniform in the calculation than in the test because
the SG secondary pressures were closer to each other in the calculation In both the test and the caiculation. the
draining of the SG primanes supplied the leak with cold flu'd resulting in increased leak flow after 1200 s (Fig 20).

Phase three was terminated at 1760 s in the test and at 1650 s in the calculation when the primary pressure
decreased to the highest 5G secondary pressure and the blowdown mode of secondary prezsure control was started
Phase thiee ended earher 1n the caiculation because of the gradual secondary pressure increase after AFW was
terminated in the calculation. and because the primaty-system depressurized more rapidly in the calculation after
AFW was restarted at the end of SG refill

Phase Four, Refill Phase four covers the pertod bepinming with the SG secondary blowdown until the end
of the calculation at 2800 « BCM heat transfer was reestablished in both SGs at the beginning of phase four. and
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CFT was actuated on low pressure and fluid was discharged from the CF T into the upper downcomer. The calculation
was terminated at 2800 s because at this time it was evident that the point of minimum primary system inventory
had been surpassed

Phase four began at 1760 s in the test and 1650 s in the calcuiation when the primary-system pressure (Fig 19
decreased to the highest SG secondary pressure and the pressure control for both secondaiies was switched into the
5246> 10 3 MPa/s (50 psi/min) blowdown mode. AFW flow was then restarted in both SGs to maintain the
secondary level at the 9.63 m (31.6 ft) set point. and BCM heat transfer was reestablished since the SG primary
levels (Figs. 24 and 25) were well beiow the AFW injection elevation. The primary depressurization rates were
increased at these times in the test and the calculation (Fig. 19). causing the measured and calculated leak flows
to fall below the HPI flows (Fig. 20). The calculated leak flow in Fig. 20 showed oscillations; the pe .ks of these
oscillations corresponded to brief periods when the fluid at the leak site was subcooled This difference between
the measured and calculated leak flows probably tesulted irom differences in the CL flows The integrated leak flow
comparison was reasonable. however. as indicated by Fig. 21. which shows that the calculated refill rate during phase
four compared well with the observed refill rate

Figures 24 and 25 show that the measured and calculated SG secondary levels decreased from the 963 m
(31.6 ft) set point at the beginning of phase four. The level decrease was caused by entrainment of the AFW
liquid by the upward steam flow in the secondaries. The entrainment of the AFW while the secondaries were in
the blowdown mode prevented the AFW from effectively controlling the secondary levels. This three-dimensional
phennmenon was modeled with one-dimensional components in the caiculation. Difierences between the magnitude
of the phenc mencn the t:st and in the calculation are difficuit to isolate hecause the steam flow measurements did
not provide reliable data after the AFW was entrained into the steam lines (Ref. 3).

As the secondary pressures continued to decrease during phase four in the test. the SG blowdown depressut-
ization was limited by the relief capacity of the secondary pressure control valves Figure 19 shows that when the
secondary pressures decreased below approximately 2.758 MPa (400 psi). the 5.246 X 1072 MPa/s (50 psi/min)
depressurization rate was no longer achieved. This behavior was madeled in the calculation by using the measured
3G depressurization rate for the ATOG set point when the secondary pressure was below 2.758 MPa (400 psi).
Figure 19 shows that the primary pressure followed the decreasing secondary pressurcs during phase four in both the
test and the calculation.

Figure 26 shows that the CFT was actuated at 1865 s in the test and at 1755 s in the calculation when the
primary system pressure decreased to 4.48 MPa (650 psia). The injection of liquid from the CFT into the upper
downcomer enhanced the refilling of the primary (Fig. 21} which was already in progress at these respective times in
the test and the calculation. The measured and calculated CF T levels were approximately the same since the primary
depressurization rates werz nearly the same below 4 48 MPa (650 psi).

The differences between Test 320201 and the posttest calculation discussed above were very similar to the
differences noted for Test 3109AA. Again, there was evidence that the BCM heat transfer was too low in the
calculation. This difference occurred during phase three in the intact-loop SG. Differences between the measured
and calculated leak flows nccurred over most of the 3000-s calculational period. These differences could be caused
by defictencies in the TRAC-PF1/MOD1 critical flow model. or by differences in the measured and calculated leak
upstream conditions To further isolate the cause of the leak flow differences would require measured data for the
leak upsiream pressure and the broken loop CL flow rates. The primary-system mass inventory comparison, however.
indicates that the iniegrated leak flow wasc calculated correctiy when the primary pressure was calculated correctly.
Finally. the results for Test 320201 alsu indicate that the secondary heat or steam losses were too low in the TRAC-
PF1/MODI1 input model This shortened the duration of phase three in the calculation. Despite these differences,
the overall comparison of the measured and calculated parameters for Test 320201 was reasonable.

CONCLUSIONS

The comparisons of measured and calculated parameters for MIST Tests 3109AA and 320201 has shown that
the physical phenomena which governed the course of these transicnts were also predicted in the calculations. The
overall agreement between the tests and the calculations was reasonable the major trends of the data were predicted
correctly. although TRAC values were frequently outside the range of data uncerivinty Fecause of minos code/modv!
deficiencies  With reasonable agreement. vahd concdlusions should still be reached if the code is used in similar
applications

Specific differences between measured and calculated parameters can be attributed to one of three categories
of factors that can affect the calculated results First. uncertainty in the data necessary to fully describe the facility
and test opetation can lead to uncertainty in the calculated results Second approximations in the code mnput model
such a« the tesalution of the nodahzation time-step size. or the selection of a one-dimensional component vs a
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three-dimensional component can affect calculated parameters. Third. the validity of the correlations and mode!s in
the code may affect the code calculations. Before conclusions can be drawn from code/data comparisons about the
third category. code correlations and models, factors in the first two categories must be ruled out as possible causes
for the differences between measured and calculated parameters.

Difierences between MIST Tests 3109AA and 320201 were caused by factors from each category. Uncertainty
in the secondary heat and steam losses in the MIST facility led to the inaccurate modeling of these losses. The
losses were estimited to be 1.5 kW per steam line, which was not sufficient energy loss. This caused the secondary
pressures in both calculations to increase when the measured remained constant. As a result. the duration of phase
three was too short in each calculation and the phase four phenomena were shifted forward in time. Since both the
10-cm? calculation and the 50-cm? calculation were affected. it can be concluded that steam line heat-loss modeling
is important for a wide range of SBLOCA ‘2ak sizes in the MIST facility. In general. if BCM is calculated to occur at
the wrong time. the magnitude of the caiculated BCM can be affected since the calculated SG primary levels generally
vary with time. This, however. does not appear to be the case for the Test 3109AA and 320201 calculations.

7 he calculated results for both experiments were found to be very sensitive to the representation of the boundary
conditions 1n the TRAC-PF1/MOD1 input rmodel in order to calculate the BCM phenomena as closely as possible.
it was necessary to input the measured AFW flow for a period of several hundred seconds after SG refill. In the
calculation for Test 3109AA. it was found that a subcooled leak flow multiphier of 0.87 was needed to accurately
calculate the subcooled leak flow and phenomena that occurred before BCM.

Correlations and models in the code that cause differer.ces between the test and calculation are of*en difficult
to dentify among the many factors that can aflect the calculated parameters  The results of the Test 3109AA
calculation. however. indicaten that the TRAC-PF1/MOD1 cnitical flow model does not properly account for changes
in upstream subcooling Conclusions about the critical flow model cannot be drawn from Test 320201 because. with
the higher leak How, uncertainty in the frictional pressure losses upstream of the {cak creates uncertainty in the leak
upstieam pressure during the test Finally the results indiv.ated that the caiculated BCM heat transfer was too lcw
for both experiments This could be caused by a heat-transfer correlation etror SG nodalization that was too ccatse
ot by an incorrectly determined fHiow regime durning the calculation



The code/data analyses presented herein constitute part of an assessment matrix for the performance of the
TRAC-PF1/MOD1 code. which will ultimately be used tc extiapolate data from the MIST facility to full-scale plant
behavior.
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